Background: Measures of health-related quality of life may predict the future status of individuals with illnesses, and could therefore be a good indicator in children with cerebral palsy (CP). This study examines the causal relationship between spasticity, weakness, gross motor function, and health-related quality of life (QOL) in schoolaged children with spastic CP and tests models of functional outcome mediated by gross motor function. Methods: A total of 62 children (44 males, 18 females) with spastic CP were recruited. Strength was assessed with the Manual Muscle Test, spasticity with the Modified Ashworth Scale, and the Gross Motor Function Measure was also employed. Health-related QOL was assessed using the Korean version of the Childhood Health Assessment Questionnaire. Physical therapists interviewed the parents and assessed the children. Results: The proposed path model showed good fit indices. The direct effects were significant between spasticity and gross motor function, strength and gross motor function, gross motor function and health-related QOL, and strength and health-related quality of life. Spasticity had a significant positive indirect effect and strength a significant negative indirect effect on health-related QOL through gross motor function. Conclusion: This is an initial study of the causal relationship between strength, spasticity, gross motor function, and health-related QOL.
individuals with disabilities has become the ultimate goal of rehabilitation and a health policy direction [9] .
Recently, based on the ICF concepts, research on functional assessment measures (activity limitation and participation restriction) and QOL has been conducted to determine the direction and effect of interventions. The Gross Motor Function Measure (GMFM) is a tool for functional assessment, and its scores have a close relationship with motor impairments, including spasticity and decreased muscle strength. Kim and Park [10] reported a causal relationship between spasticity, muscle strength, and GMFM using path analysis. Furthermore, Ko et al. [11] reported that improvement of muscle strength in the lower extremities may have positive effects on social standards such as activity and participation among individuals with CP.
Severity of CP is associated with low physical QOL [12, 13] . QOL refers to the general well-being of individuals and societies, and is defined by the World Health Organization as "an individual's perception of their position in life in the context of the culture and value systems in which they live, and in relation to their goals, expectations, standards and concerns" [14] . Since the concept of QOL is wide, it is difficult to measure. In children with CP with motor disturbances, mainly health-related QOL (HRQOL) is assessed, which refers to how individuals feel about aspects of their lives directly related to health, excluding issues such as religious beliefs and practices [15] .
Previous studies have reported that gross motor function is related to QOL in children with CP. Gross motor function, measured by GMFM, and Gross Motor Function Classification System level were found to be highly correlated with physical well-being in school-aged children with CP [16] . Especially, GMFM scores were highly associated with QOL, and GMFM and mastery motivation explained 65% of the variance in the physical domain of QOL [16] . Not all studies have reported a relationship between motor impairment, gross motor function, and QOL [17, 18] . Arnaud et al. [19] suggested that, depending on the areas of life assessed, the most severely impaired children do not always have the poorest QOL. CP pain, which is common in high-tension children, is closely related to QOL [17, 20, 21] . Previous studies, however, have used univariate analysis, which is insufficient to confirm direct causal relationships.
Impairment-based therapy focuses on the inhibition of spasticity and improvement of muscle strength, while activity-based therapy focuses on the improvement of gross motor function. Given the recent emphasis on activity-based therapy in clinical practice, it is necessary to research the causal relationship between a variety of factors and how they affect HRQOL in spastic CP. The Childhood Health Assessment Questionnaire (CHAQ), a tool specifically developed to assess functional capacity and independence in everyday life, is a commonly used measure of health status. Although the CHAQ was designed to assess childhood idiopathic arthritis in children and adolescents [22] , it has been shown to be useful for patients with other chronic disorders such as hypermobile children and juvenile spondyloarthropaty [23, 24] , and has been applied to patients with current exercise limitations due to illness [25] .
This study aimed to examine the causal relationship between spasticity, weakness, gross motor function, and HRQOL in children with spastic CP who attend school. Especially, the mediation effect of gross motor function was investigated.
Methods
This study aimed to investigate the relationship between spasticity, weakness, gross motor function, and HRQOL in children with spastic CP who attend school using path analysis. This study employed a cross-sectional and prospective design. Informed consent was obtained from the parents of all children, as parents of children below 15 years of age are their legal representatives. Ethical approval for this study was granted by the Ethics Committee of Jeonju University.
Participants were 62 children with spastic CP, 44 (71.0%) boys and 18 (29.0%) girls. Inclusion criteria were as follows: 1) clinical diagnosis of spastic CP, 2) age from 6 to 15 years, and 3) consent of parents to participate. Exclusion criteria were as follows: 1) spina bifida, 2) associated skeletal muscular disorders such as muscular dystrophy and myopathy, and 3) elective dorsal rizotomy surgery. Botulinum toxin injection was not considered as inclusion/exclusion criterion. The mean age of children was 9.02 years (SD = 2.6). The minimum required sample size was 42 based on a significance level of 0.05 and medium effect size of 0.50 in a correlation analysis [26] . According to the Korean Gross Motor Function Classification System, 14 (22.6%), 14 (22.6%), 10 (16.1%), 7 (11.3%), and 17 (27.4%) children were classified under levels I-V, respectively. Regarding the type of spastic CP, quadriplegia was found in 16.1% of the participants, triplegia in 6.5%, diplegia in 51.6%, and hemiplegia in 25.8%. Children with spastic CP take part in physical and occupational therapy. Twelve children, 20% of the participants, received physical therapy once a week, 23 (36.4%) were treated twice a week, 13 (20.7%) were treated three times per week, and the remaining children received treatment four or more times per week. Fourteen children (23.1% of the participants), received occupational therapy once a week, 20 (32.4%) were treated twice a week, 20 (32.4%) received occupational therapy three times per week, and the remaining children received treatment four or more times per week. In this study, 70% of the children with spastic CP had experienced botulinum toxin injection.
A spasticity rating was obtained through bilateral measurement of spasticity using the Modified Ashworth Scale (MAS), and a strength rating was obtained with the Manual Muscle Test (MMT). The GMFM and Children Health Assessment Questionnaire (CHAQ) were used to assess gross motor function and HRQOL, respectively. Spasticity was measured in the flexors and extensors of shoulder, elbow, along with the wrists of both the upper extremities. In both the lower extremities, spasticity was measured in the hip flexors and extensors, knee extensors, and ankle plantar flexors and dorsiflexors. The test was performed at moderate speed (180°/s) using standardized procedures. Intraclass correlation coefficients between 0.61-0.87 have been reported in children with spastic CP [27] .
Strength was measured in the flexors and extensors of shoulder, elbow, and wrists of both the upper extremities, and in the hip flexors and extensors, knee extensors, and ankle plantar flexors and dorsiflexors of both the lower extremities. Reliability values of the MMT between 0.60-0.91 have been reported in children with hemiplegic CP [28] .
Spasticity and strength were quantified by summating all MAS and MMT scores, respectively. MAS scores for all lower and upper extremities measurements were summated to provide a spasticity score. Likewise, MMT scores for all measurements were summated to provide a strength score. Both scores indicate the extent or magnitude of impairment.
GMFM, a standard criterion-referenced test designed to assess changes in gross motor function in children with CP, was used in this study [29] . The total number of items is 88, with five dimensions: lying and rolling, sitting, crawling and kneeling, standing, and walking, running, and jumping. A 4-point Likert scale is used for scoring each item. Acceptable reliability of the GMFM scores has been reported for children with CP [30] , and Cronbach's alpha coefficient was 0.960 in this study.
The HRQOL of school-aged children with CP was measured using the CHAQ. Physical therapists used the Korean version of the CHAQ to interview the parents. The CHAQ consists of eight domains: dressing/grooming, arising, eating, walking, hygiene, reach, grip, and activities. Questions are answered on a 4-point Likert scale from 0 to 3, where 0 means able to do with no difficulty, 1 able to do with some difficulty, 2 able to do with much difficulty, and 3 unable to do. The mean score of the 8 domains determines the CHAQ score. Cronbach's alpha values ranging from 0.76 to 0.97 have been reported for the eight domains [31] , with values of 0.880-0.973 in children with CP [32] . The CHAQ was administered by six physical therapists, each with at least 3 years' experience in providing therapy for children with CP. The Korean version of the CHAQ was validated by Park [32] in a study with 72 children with CP. The Korean version of the CHAQ was translated according to standard translation procedures and reported psychometric properties including reliability, the floor and ceiling effect, and correlation with gross motor function measure [32] . Figure 1 shows a recursive model to investigate the causal relationships between spasticity, strength, gross motor function, and HRQOL in school-aged children with spastic CP using path analysis. A recursive model is one with no reciprocal causations or feedback loops.
The variables included in the path model and the direction of the causal relationship were based on previous research and general logic. In this study, correlations of variables were analyzed before performing path analysis, which involved verifying the significant coefficients in the recursive model, and subsequently investigating the proposed path model fit indices. In path analysis, a goodness of fit test is performed in order to confirm that the model shows the best possible fit.
After testing the appropriateness of the model, direct, indirect, and total effects were examined through the bootstrap method. The AMOS 22.0 statistical program was employed to analyze the path models, obtain maximum-likelihood estimates of model parameters, 
Results
Pearson correlation coefficients for all variables are presented Table 1 . Four variables showed significant correlations (p < 0.001) in the expected directions. There was no multi-collinearity because bivariate correlations did not exceed 0.80 [33] .
To verify the model, preliminary path analyses were performed. The path coefficient of spasticity (β = − 0.084) to HRQOL was not significant (p > 0.05) ( Table 2 ). Figure 2 shows the proposed path model.
Multiple criteria were used for the evaluation of model fit. Fit indices include the theoretical meaningfulness of the model, absolute and incremental fit indices, and model cross-validation. Absolute fit indices are used to determine how well a model fits the data without comparing it to a baseline model, whereas incremental fit indices are used to investigate how much better the model fits than a baseline model. In this study, chi-square (χ 2 ) and the root mean square error of approximation (RMSEA) were used as absolute fit indices, and the normed fit index (NFI) and the comparative fit index (CFI) as incremental fit indices. χ 2 was not recommended as a judgment of model fit because it is sensitive to the sample size used in the analysis of model fit; therefore, it was only reported but not used as a fit statistic in this study.
As shown in Table 3 , the proposed model showed excellent fit indices. RMSEA was lower than 0.05 and NFI and CFI were than greater 0.9, which indicates a good model fit.
The effect of spasticity, strength, and gross motor function on HRQOL in children with spastic CP was tested through path analysis (Table 4) .
HRQOL measured with CHAQ was the dependent variable. Exogenous independent variables were spasticity and strength. The endogenous independent variable as a mediator was gross motor function. As shown in Table 5 , the direct effect of spasticity on gross motor function (−.446), of strength on gross motor function (.479), of strength on HRQOL (−.300), and of gross motor function on HRQOL (−.560) was statistically significant (p < 0.05). The indirect effect of spasticity on HRQOL (.250) and of strength on HRQOL (−.269) were also statistically significant (p < 0.05).
Discussion
Information about HRQOL might be useful to evaluate the effect of interventions on overall well-being [34] . Measures of HRQOL may be used to predict the future status of individuals with an illness or condition, and could thus be used as better indicators than functional outcome assessments in children with CP who attend school [35] .
QOL is concerned with the most important aspects resulting from disability in terms of an individual's level of independence in life roles. Almost all therapy is provided on the assumption that a reduction in motor impairment will result in an increase in everyday functioning and participation for children with CP. However, the causal relationship between motor impairment and functional outcome was seldom empirically demonstrated [36, 37] , especially in relation to HRQOL. While factors contributing to functional outcomes, such as strength, spasticity, and gross motor function, are important to improve functional abilities in children with CP, there are insufficient studies on comprehensive relationship between these variables. Some studies have identified fragmentary relationship between variables. Motor impairments such as spasticity, weakness, restricted range of motion, and selective motor control ability have an effect on functional ability in terms of gross motor function and daily activities outcomes [37] [38] [39] . A strong relationship between gross motor function and QOL has also been reported [16, 40] . However, no path analysis has been conducted to predict HRQOL in children with CP.
This study employed path analysis to test the causal relationship between spasticity, strength, gross motor function, and HRQOL in school-aged children with spastic CP. Path analysis is superior to regression analysis as it provides an explanation for both the causal relationship and the relative importance of alternative paths of influence [41] . The proposed model in this study aimed to determine the contribution of spasticity, strength, and gross motor function to HRQOL, and was revealed to have the best fit for these variables.
The present data confirm and extend previous findings indicating that spasticity and weakness are causal factors of gross motor function. Furthermore, gross motor function was shown to be a causal factor of HRQOL. The path coefficients of spasticity and strength to gross motor function were significant (p < 0.05). If the spasticity score is increased by 1 SD, total gross motor function score is reduced by 0.4 SD. These results are supported by previous studies that found a significant correlation between spasticity and gross motor function [39, 42, 43] . Moreover, if the strength score is increased by 1 SD, total gross motor function score is increased by 0.5 SD. This is consistent with previous studies in which muscle strength was found to be associated with motor function [37, 44] . An increase of 1 SD in gross motor function and strength scores produces a decrease of 0.560 and 0.3 SD in the CHAQ score, respectively. Because higher CHAQ scores (measuring HRQOL) indicate lower levels of HRQOL, the direction was the opposite of that of GMFM and strength scores.
Spasticity and strength were exogenous variables of gross motor function and accounted for substantial proportions of the variance in gross motor function (61.4%). Spasticity, strength, and gross motor function were explanatory variables of HRQOL and accounted for substantial proportions of the variance in CHAQ scores (63.0%). Although a percentage above 60 accounted for is large, it also suggests that other variables should be included in the model to explain over 30% of the variance in HRQOL. Direct effects of spasticity and strength on gross motor function, and strength and gross motor function on HRQOL were detected. A significant positive indirect effect of spasticity and a significant negative indirect effect of strength on HRQOL were also identified. Indirect effects include the subsequent effects of spasticity and strength as exogenous variables through another variable, i.e., gross motor function, on HRQOL, the endogenous variable. This is known as a mediating effect of gross motor function, as the proposed path model shows that spasticity and strength influence HRQOL through their effect on gross motor function.
This study provides primary evidence for the mediating role of gross motor function in the relationship of spasticity and strength with HRQOL. Spasticity and strength accounted for 61.4% of the variance in gross The proportion of the variance in HRQOL explained by these variables included direct and indirect effects, as well as the mediating effect of gross motor function in relation of spasticity and strength with HRQOL. Furthermore, spasticity was completely mediated by gross motor function. The results of this study provide a starting point to establish causal relationships between motor impairment, gross motor function, and HRQOL. Although the results from path analysis in this study provide important insights into the links between spasticity, strength, gross motor function, and HRQOL, further research is needed to understand the nature of these relationships in more detail considering the ICF model. There are limitations to this study. Firstly, the sample size is small; thus, further research needs to include more children with CP to increase the statistical power and clinical meaning of the present study findings. A second limitation is related to the age range of the study sample. Although this was limited to school age, it is possible that 9 years of motor development make an important contribution to HRQOL changes; therefore, a further study should be conducted controlling for age. Finally, parent interviews were conducted to assess children's HRQOL in the present study. Although QOL must be measured by directly assessing the concerned individuals whenever possible, in cases of severe cognitive impairment, intellectual problems, or communication difficulties, parent-reported QOL is used to obtain reliable information about children's QOL [21, 45] . In previous studies, the degree of parental stress was shown to be a factor affecting children's HRQOL, but this study did not consider the role of parental factors, such as stress. In future studies, it is thus necessary to study the HRQOL of children with CP considering parental status.
Conclusion
This study investigated the relationship between motor impairment, including strength and spasticity, gross motor function, and HRQOL using path analysis. Data were collected from 62 school-aged children with spastic CP. Significant paths from spasticity and strength to gross motor function and from strength and gross motor function to HRQOL were identified, and the role of gross motor function as a mediator was confirmed through path analysis in school-aged children with CP. This study provides initial evidence for the causal relationships between motor impairment, gross motor function, and HRQOL in children with spastic CP. In addition, the results of this study are meaningful in that the QOL is the final goal of health; the concept of ICF is assumed to be improved, as the limit of activity and the restriction of participation decreased in children with CP.
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